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This report WfJ.S prepared. as. an accountof work sponsored by the United State.sGovernme[lt, Neither the United States nor. the Departmentof Energy,· nor any of their· employees, nor any of thei (con-. . tractors, subcont~actors,ortheir employees, makes any warranty, expressor implied, or assumes any legal liability or responsibility for the accuracy, cOmpleteness or usefulness of anyinformation,apparatus, product 6r·process disclosed ,(jrrepresents that its use would not infringe privatelyownedrights. More recently, a new technique, infrared multiphoton excitation in beams, in which molecules are excited under collision free conditions by absorbing tens of photons during an intense single laser pulse, has proven to be an excellent way to prepare excited molecules and to gain dynamical information about unimolecular decomposition.
The study of some forty reactions ranging from simple bond rupture to three and four center eliminations has revealed trends which can likely be generalized to large classes of unimolecular decay.
-2-These two methods, chemical activation and multiphoton excitation, differ substantially in several important respects. As a consequence the information obtained is complementary rather than overlapping.
The nature of the excitation process places limitations on the certainty with which we know the total energy of the dissociating molecules. With chemical activation in crossed beams, the total energy is simply the sum of internal energy of the reactants, energy released in formation of the new chemical bond, and the collision energy. The principal uncertainty, arising from the spread in collision energies, can be reduced to a small fraction of the total energy. With the use of two supersonic nozzle beams, the collision energy may typically be defined to FWHM = 5-10 kJ mo1~1 which is often only 2-3% of the total excitation energy of the complex. This excellent energy characterization, combined with the variability of collision energy obtainable by seeding of the reactants with rare gases, make this technique a sensitive probe to the dynamics of unimolecular decomposition.
In sharp contrast, infrared multiphoton absorption produces excited molecules with a spread in excitation energies which can be an exceedingly large fraction of the average total energy. This problem is fundamental to the process, being governed by the mechanism of absorption of many photons. In the sequential absorption of -3-photons, after an initial excitation throug~a region of discrete transitions, the molecule is excited to a region referred to as the quasi-continuum. The density of states, here, is sufficiently high that all transitions are near-resonant, essentially independent of laser frequency. A fairly adequate description of the population distribution of each level is given by a set of rate equations with transition rates depending on laser intensity, energy level dependent 1 infrared absorption cross sections and density of states. The result is somewhat similar to thermal excitation with a simple dependence of average excitation level on the energy fluence of the laser pulse. When the laser fluence is sufficient to drive the molecules above the dissociation threshold, an extra term must be added to the rate equations, to account for depletion by dissociative processes.
At some high excitation level, the dissociation rate becomes much faster than the rate of excitation and population of higher states will not be significant. For a large molecule with high density of states around the dissociation levels, the unimolecular rate constant will increase gradually with excitation. Substantial dissociation will occur over a large range of levels. SF 6 , for example, is 1 calculated to undergo detectable multiphoton dissociation (MPD) at levels from 4 to 13 photons above threshold, the total energy in the system then being defined to FWHM~60 kJ mol-lor about 15%.
For smaller molecules, in which the rate constant increases more rapidly with excitation energy, the uncertainty in energy of the -4-reacting molecQles will be much narrower since most of the molecules dissociate from a level only a few photons above threshold, The degree to which angular momentum affects the outcome of the unimolecular decay is also considerably different for the two processes. In both cases, cooling of the rotational degrees of freedom dQring supersonic expansion of the beams results in a low and relatively well-defined rotational temperature. In the bimolecular collision which produces the chemically activated species, orbital angular momentum can be very large, even at thermal energies, and sometimes dominating in its effects on the product translational energy distri- The spre&d in collision energies is determined from these plexes, it has always been assumed that the energy distribution is independent of scattering angle. In fact, angular momentum conservation is a1so expected to create such coupling in reactions proceeding through long-lived complexes. When the impact parameter is large, the orbital angular momentum will often dominate the molecular angular momentum in the reaction, the angular momentum of the activated complexes will be highly polarized, perpendicular to the relative velocity, and a large fraction of the initial relative kinetic energy will become rotational energy of the complex as a consequence of the conservation of angular momentum. If most of the angular momentum of the complex is carried away as orbital angular momentum of the products, the product -llã ngular distribution will be strongly peaked in the forward and backward direction and most of the rotational energy of the complex will be converted to translational energy, such that the product energy distribution will be shifted to higher average energy than that released along the reaction coordinate from the sharin~of excess vibrational energy. On the other hand, if the impact parameter is small, the orbital angular momentum will no longer dominate the molecular angular momentum. Consequently, the angular momentum of the complex will be distributed more isotropically due to random orientation of the molecular angular momentum of the reactants and the angular distribution of products will tend to be more isotropic. In addition, A simple calculation to demonstrate this effect is shown in It would not be improbable that this reaction is beyond the scope of a unimolecu1ar decay theory since, if statistical theory is applicable here, intramolecular energy transfer must be faster than 0.1 psec.
The second explanation is that the treatment of angular momentum is inadequate. The theory assumes a distribution of angular momentum which is linear in impact parameter with a cutoff determined by the . 9 long range forces.
In practice, the relative cutoff for entrance and exit channel has been treated as a variable to obtain best fit. The linearity with impact parameter may be questioned. For this reaction, dynamical constraints may require that the atom attack at the double bond which is removed from the center of mass of the vinyl bromide.
Approach at small impact parameter could be less favorable for reaction.
A simple calculation based on this idea suggest that the angular momentum distribution might be more nearly quadratic in impact parameter. Assuming this distribution, the statistical calculation is found to fit the observed peE') quite well, though this is likely fortuitous. In the fluorine reaction, again, the agreement with theory is poor.
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While the experimental energy distribution below 5 kJ mol has large uncertainty resulting from the elastic impurity in the -14-C Z H 3 Br beam, it is clear that the observed intensity of both low and high energy product is reduced. This is not easy to explain with a simple model and will probably require more information about dynamical effects of the potential energy surface for a thorough understanding, but it is quite clear for this system that the reaction lifetime is shorter than the intermolecular relaxation time.
SUMMARY AND CONCLUSION
McDonald and coworkers lO have measured the infrared chemiluminescence from these reactions. They find that the product vibrational energy distribution is statistical for the fluorine reaction and non-statistical for the chlorine. While an earlier crossed beam study of the chlorine reaction using a beam of chlorine atoms with a thermal velocity distri- -18- Jṽ . ® deg. --------------------- ..,----. .. 
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